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Clay and Stabilized Soil Products for Construction Sectional Committee, CED 30 


FOREWORD 


This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Clay and 
Stabilized Soil Products for Construction Sectional Committee had been approved by the Civil Engineering 
Division Council. 


Different types of kilns are being used for firing bricks. These kilns vary considerably in design, capacity and 
output. It is not infrequent to find two kilns of identical design located at the same place and yet producing bricks 
varying widely in quality. It has been found desirable that some degree of uniformity should be introduced in the 
design of kilns, so as to ensure the production of good quality bricks with the minimum consumption of fuel. 
Surveys carried out by the CSIR-Central Building Research Institute, Roorkee and Punjab State Council for 
Science and Technology, Chandigarh and the information gathered from various manufacturers from various parts 
of the country, indicate that a broad outline can be furnished as a general guidance for their better performance. 


The pollution caused by the brick kilns has drawn the attention of the Government as well and has resulted in 
many notifications on the subject specifying the ceiling on the particulate matter concentrations emitted by brick 
kilns. This standard has been formulated in line with the various notifications and orders issued till date. 


The one such latest notification calls for conversion of natural draught brick kilns to induced draught brick kilns 
with zig-zag brick setting and rectangular shape. This prompted the formulation of a new standard that covers 
the general guidelines for the construction of zig-zag brick kilns. This standard has been formulated to provide 
necessary guidance regarding construction of energy efficient zig-zag brick kilns to the manufacturers and users 
of these brick kilns. 


The composition of the Committee responsible for the formulation of this standard is given in Annex A. 


For the purpose of deciding whether a particular reguirement of this standard is complied with the final value, 
observed or calculated, expressing the result of a test or analysis shall be rounded off in accordance with 
IS 2 : 1960 “Rules for rounding off numerical values (revised ).’ The number of significant places retained in the 
rounded off value should be the same as that of the specified value in this standard. 
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Indian Standard 


CONSTRUCTION OF ZIG ZAG 
BRICK KILN — GUIDELINES 


1 SCOPE 


This standard gives the general guidelines related to 
the construction of zig zag brick kiln for the firing of 
bricks. 


2 REFERENCES 


The standards listed below contain provisions which, 
through reference in this text, constitute provisions of 
this standard. At the time of publication, the editions 
indicated were valid. All standards are subject to 
revision, and parties to agreements based on this 
standard are encouraged to investigate the possibility 
of applying the most recent editions of the standards 
indicated below: 


IS No. Title 
456 : 2000 Plain and reinforced concrete — 
Code of practice (fourth revision) 
1350 Methods of test for coal and coke 
(Part 1): 1984 Proximate analysis (second 
revision) 


(Part 2):2017 Determination of gross calorific 
value by the bomb calorimetric 
method and calculation of net 


calorific value (second revision) 


1893 Criteria for earthquake resistant 


design of structures 


(Part 1):2016 General provisions and buildings 


(sixth revision) 


(Part 4):2015 Industrial structures including 
stack-like structures (first 
revision) 

1905 : 1987 Code of practice for structural use 
of unreinforced masonry (third 
revision) 

5182 Methods for measurement of air 

(Part 1):2006 pollution: Part 1 Dustfall (first 
revision) 

11255 Methods for measurement of 


emissions from stationary sources 


(Part 1): 1985 Particulate matter 


IS No. Title 


(Part 2): 1985 Sulphur dioxide 


17058 : 2019 Terms relating to brick kilns — 
Glossary 
3 TERMINOLOGY 


For the purpose of this standard, the definitions given in 
IS 17058 shall apply. 


4 NECESSARY INFORMATION 
The following information should be furnished for 
efficient design and construction of the bricks kilns: 


a) Level of sub-soil water at the place where the 
brick kiln is required to be constructed; 


b) Slope ofthe ground and natural drainage; 

c) Type of soil with special reference to black cotton 
soil; 

d) Climatic conditions; and 

e) Siting guidelines, as applicable. 


5 SITE 


5.1 Floor Level 


The floor level of the trench of the kiln should be above 
the ground level such that water naturally drains away 
from the kiln. 


5.2 Sites with permanent water-logged areas should be 
avoided and if used, shall be appropriately treated. 


5.3 Areas Susceptible to Natural Hazards 


Site selection shall be done so as to minimize the risk 
against natural hazards. Areas likely to experience 
disasters such as freguent landslides shall be avoided 
for construction of kiln. 


5.4 Sub-soil Condition 


The sub-soil investigation of the site where chimney 
stands should be carried out and its foundation shall be 
designed accordingly. 


5.5 Approach road within the premises of brick kiln 
area should be metaled or paved with brickbats. The 
kiln floor should be levelled and two layers of brick on 
edge may be laid on the floor. 
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SIDE FLUES 


CENTRAL ISLAND 


OUTER WALL 


WICKET GATES 
COLLAR 


Fic. 1 TYPICAL ZIG-ZAG BRICK KILN 


6 CONSTRUCTION 


6.1 Figure 1 shows a typical zig-zag brick kiln. A 
rectangular, continuous, moving fire kiln in which 
length of the fire travel path is increased by arranging 
the bricks in chamber-wise brick setting that allows 
the fire to follow a zig-zag path instead of a straight 
path followed in Bull’s Trench Brick Kiln. This results 
in increased air velocities and more turbulence in kiln 
resulting in better mixing of fuel and air and improved 
heat transfer between fire and bricks. The fire is 
always burning and moving forward in the direction 
of air flow due to the draught provided by a chimney 
or the induced draught fan. The bricks are being pre- 
heated, fired and cooled simultaneously in different 
parts of the kiln. It operates under the draught that 
is responsible for the distribution of heat inside the 
kilns. 


The two types of draught are induced draught and 
natural draught. In forced or induced draught, a fan 
operating with minimum 50 mm water gauge (WG) 
draught, is provided to create the draught from the 
chimney whereas in natural draught, the chimney with 
sufficient height and cross-sectional area itself creates 


the required draught. The kiln is categorized into 
following two types based on its production capacity: 


a) Large Bulls Trench Kiln, having the production 
capacity equal to or more than 30 000 bricks 
per day — The height of the chimney shall be at 
least 30 m, in case of natural draught and 27 m, 
in case of induced draught when equipped with 
an induced draught fan operating with minimum 
50 mm water gauge (WG) draught. 


b 


wm 


Small Bulls Trench Kiln, having the production 
capacity less than 30 000 bricks per day — The 
height of the chimney shall be at least 27 m, 
in case of natural draught and 24 m, in case of 
induced draught when equipped with an induced 
draught fan operating with minimum 50 mm water 
gauge (WG) draught. 


6.2 Salient Features of the Kiln 


The various kiln components that allow the functioning 
of kiln for brick firing for making it energy-efficient 
and less pollution emitting are given in 6.2.1 to 6.2.6. 
The design of the kiln consists of the structurally safe 
design of these components so as to prevent air leakages 
and minimize heat losses. 


6.2.1 Kiln Walls 


Figure 2 shows a typical cross-section of the outer wall 
of the kiln. Outer wall of the kiln shall be designed 
in two leaves each having height at least 3 m and 
forming cavity in between which should be filled 
by compacted earth or ash for improving thermal 
insulation and prevent the ingress of air in the kiln 
from the atmosphere. The mud plaster should be 
applied on both the sides of the outer wall. The heat 
loss and air leakage through the kiln wall depend on 
the wall thickness, thicker the wall, lesser is the heat 
loss through the walls. 


Expansion joints should be provided in the Central 
Island wall, preferably in between every two side flues 
and on the inner side of the outer wall, preferably in 
between every two wicket gates. 


OUTER SIDE 


Fic. 2 TYPICAL CROSS-SECTION OF OUTER 
WALL OF KILN 


6.2.2 Wicket Gate 


Figure 3 shows a typical cross-section of the wicket 
gate wall. The width and height of the wicket gates 
shall be such that they allow for the passage, loading 
and unloading of vehicles in and out of the kiln. They 
should consist of two layers of brick wall each having 
thickness of at least 230 mm with a 100 mm gap in 
between, filled with ash or brick dust to minimize 
heat losses from wicket and air leakage into the kiln 
circuit through the wicket gates. A 125 mm wide collar, 
protruded from both the sides of the outer wall of the 
kiln, may be provided. 
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Fic. 3 TYPICAL CROSS-SECTION OF 
WICKET GATE WALL 


6.2.3 Flue System 


Flue system consists of two components namely, one 
main flue and many side flues. These flues connect 
the kiln to the chimney and guide the flue gases to 
chimney through the flue system. The main flue runs 
throughout the length of Central Island on both the 
sides of chimney whereas the side flues are constructed 
at regular spacing at right angles to the main flue as 
shown in the Fig. 4A that connect the kiln to the main 
flue. Side flues are of L-shape that are open at their both 
ends - one into the kiln and other at the top surface of 
the Central Island. Adjacent to the opening of the side 
flues are the openings of main flues in the top surface 
of the Central Island. A shunt as shown in Fig. 4B is 
used to connect the main flue of the chimney with the 
side flues. The openings of the main flue and side flues 
in the Central Island that are not in use shall be suitably 
closed. 


6.2.4 Chimney 


The chimney, usually circular/rectangular in shape, and 
its different structural components namely, foundation, 
beam, column, wall, etc, shall be designed in accordance 
with IS 456 or IS 1905 read in conjunction with 
IS 1893 (Part 1) and IS 1893 (Part 4) as per the chosen 
design and relevant site conditions. The outer surface 
of the chimney shall be plastered by the cement mortar 
while the inside of the chimney be plastered by mud. 
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MAIN FLUE 


4A TYPICAL FLUE SYSTEM 


4B TYPICAL SHUNT CONNECTING MAIN FLUE WITH SIDE FLUE 


The height of the chimney shall be maximum of the 
following three heights: 


a) Minimum chimney height as given in 6.1. 

b) The chimney height (4), in metres, for the 
dispersion of sulphur dioxide, given by the formula 
H, = 14Q°° where O is sulphur emission rate 


in kg/h measured in accordance with the test 
method laid out in IS 11255 (Part 2). 


c 


wma 


The chimney height (Hd in metres, for dispersion 
of particulate matter, given by the formula 

om > 740° where O is particulate matter 
emission rate in tonne/h measured in accordance 
with the test method laid out in IS 11255 
(Part 1). 


6.2.5 Fan 


A fan capable of operating at 50 mm water gauge 
draught may be placed at the exit end of the flow 
path pulling hot air from the flue to the chimney. The 
quantity of air flow is regulated by varying the rotation 
per minute (rpm) of the fan using variable frequency 
drive (VFD) or changing the pulley size or using a 
damper. 


6.2.6 Lightning Arrester 


A lightning arrestor shall be provided at the chimney 
top to protect it from the damaging effects of the 
lightning. 
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7 PRINCIPLES OF OPERATION OF KILN 


7.1 Figure 5 shows a typical arrangement of operations 
and firing zones in a zig-zag brick kiln. Bricks to be 
fired shall be placed in the trench in a chamber-wise 
brick setting as shown in the Fig. 6 that allows the fire 
to follow a zig zag path as shown in the Fig. 7. A layer 
of ash and brick dust, preferably more than 250 mm 
should be spread over the top of the brick setting to 
seal the kiln that provides the thermal insulation and 
prevent heat losses. The brick unloading end is kept 
open for air to flow into the kiln. The brick loading end 
is sealed with the help of a damper to guide the flue gas 
to chimney through the flue system. The wicket gates in 
the kiln circuit shall be closed during firing. Fuel may 
be fed manually in the feedholes provided on the top of 
the kiln. Fire movement takes place in the direction of 
air travel in the kiln. 


7.2 The kiln may be divided into three zones namely, 
cooling zone, pre-heating zone and combustion zone. 
In the cooling zone (where fired bricks are cooled by 
the cold air flowing into the kiln) air entering from 
the unloading end picks up heat from the fired bricks 
resulting in heating of air and cooling of fired bricks. 
The next zone is combustion zone in which fuel is fed 
from the feedholes provided on the top of kiln. Fuel 
comes in contact with hot air and its combustion takes 
place in this zone. The last zone is the pre-heating zone 
(where green bricks are stacked) where heat available in 
the flue gases is utilized for pre-heating of green bricks. 
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FiG. 5 TYPICAL ARRANGEMENT OF OPERATIONS AND FIRING ZONES IN A ZIG ZAG BRICK KILN 
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ZIG-ZAG FIRE TRAVEL 


Fic. 6 TYPICAL CHAMBER-WISE BRICK SETTING FOR CREATING 


Fic. 7 TYPICAL PATH OF AIR FLOW IN ZIG-ZAG BRICK KILN 


7.3 In case of natural draught, air is drawn in the kiln 
due to pressure difference in density of cold and hot air. 
The hot air in the chimney has lower density compared 
to the density of cold air in the atmosphere surrounding 
the chimney. The hot air flows up the chimney, creating 
a low pressure at the bottom of the chimney which 
helps in flow of cold air from the atmosphere that is 
at a higher pressure. Air enters from the unloading end 
of the kiln and flows through the kiln. The draught 
created provides the regular supply of air in the kiln. 
The chimney acts as a pump for sucking air in the kiln, 
which in turn supports fuel combustion. 


7.4 In case of induced draught, a suction fan in installed 
at the base of the chimney to overcome the resistance 
within the system and create optimal draught for kiln 
operation. 


8 GUIDELINES FOR BETTER FUEL 
CHARGING AND OPERATING PRACTICES 


8.1 Fuel Storage 


The fuel should be stored in a shed on a raised platform 
with pucca/metaled flooring and proper drainage and 
ventilation arrangements. The height of fuel stack 
should not be more than 1.5 m to prevent the loss of heat 
due to self-ignition under intense heat and pressure. 


8.2 Size of Fuel 


The fuel charged should be properly graded and 
maximum size of fuel charged, in case of coal, should 
be limited to 15 mm to ensure proper air-fuel mixing. 


8.3 Fuel Quality 


Fuels such as coal, fire wood and agricultural residues 
may be used. Pet coke, however, shall not be used. The 
assessment of fuels for their suitability of use for firing 
bricks shall be done on the basis of parameters namely, 
moisture content, ash content, volatile matter, fixed 
carbon and calorific value. 


Proximate analysis and calorific value of fuel, in case 
of coal shall be determined in accordance with the 
test methods laid out in IS 1350 (Part 1) and IS 1350 
(Part 2), respectively. Coal with high moisture content 
reduces calorific value and poses handling problems 
as well. Coal with high ash content leads to high stack 
emission and poses handling problems as well. Coal 
with low moisture content and ash content and high 
calorific value shall be used. 


8.4 Fuel Feeding 


Fuel should be fed in 6-7 chambers with each chamber 
having two fuel feeding lines. This increases the length 
of firing zone and results in more efficient combustion 
thereby reducing stack emissions. Fuel charging in 
kilns should be done in small amounts using feeding 
spoon of 200 g to 350 g at regular intervals, preferably 
every 5-10 min with 15-20 min charging time or on 
continuous basis. 
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8.5 Brick Setting 


The size of the chamber should be kept between 
1 800 mm to 2 100 mm. Depending upon the trench 
width and arrangement of bricks in the chamber-wise 
setting, fire follows the single, double or triple zig zag 
path as shown in the Fig. 8. 


8.6 Miscellaneous 


Ash generated in the brick kilns should be fully utilized 
in-house in brick making. Feedhole covers shall be 
double walled and packed with insulation material. A 
temperature gauge shall be installed in the shunt and 
temperature in the firing zone should be regularly 
monitored. Depending upon the type of clay, baking 
temperature of the bricks in the combustion zone varies 
from 800 - 1 100°C. 
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Fic. 8 SINGLE, DOUBLE AND TRIPLE 
ZIG-ZAG AIR FLOW 
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9 POLLUTION MONITORING AT THE 
COMMISSIONED KILN 


9.1 A permanent facility (sample port and platform) 
shall be constructed for the monitoring of emissions. 
The measurement of air pollution when carried 
out by the method specified in the relevant parts of 
IS 11255 (Part 1) or any other established instrumental/ 
chemical method, shall not exceed the limits imposed 
by Environment (Protection) Rules, 1986, as amended 
from time to time. In case of dispute, the procedure 
given in relevant parts of IS 11255 (Part 1) shall be the 
referee method. Pollution monitoring shall be carried 


out at different time slots for particulate matter and 
emission sample shall be a composite sample taken 
from both charging and non-charging conditions. 
Particulate matter (PM) results to be normalized at 
4 percent CO, as: 


PM (normalized) = PM (measured) x 4 percent/ 
CO, (measured) in percent 


9.2 Additionally, dust level may also be measured 
at 1 m and 3 m height from the bottom of the chimney 
in accordance with the method specified in IS 5182 
(Part 1). 
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